US009405750B2

a2 United States Patent

Jiao et al.

US 9,405,750 B2
Aug. 2, 2016

(10) Patent No.:
(45) Date of Patent:

(54) DISCRETE WAVELET TRANSFORM
METHOD FOR DOCUMENT STRUCTURE

(58) Field of Classification Search
USPC 707/738, 748, 755, 802

SIMILARITY See application file for complete search history.
(75) Inventors: Li-Mei Jiao, Beijing (CN); Jerry J. Liu, (56) References Cited
Sunnyvale, CA (US); Hui-Man Hou, U.S. PATENT DOCUMENTS
Beijing (CN); Cong-Lei Yao, Beijing
(CN) 5,848,193 A * 12/1998 Garcia ......cccoceveene GO6K 9/52
382/199
(73) Assignee: Hewlett-Packard Development 6,070,133 A 3/2000 .BreWSter etal
Company, L.P., Houston, TX (US) (Continued)
(*) Notice: Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35 CN 101576903 11/2000
U.S.C. 154(b) by 128 days. CN 101876995 11/2010
OTHER PUBLICATIONS
(21) Appl. No.: 14/347,572
Arnoldo Jose Muller-Molina, Kouichi Hirata, Takeshi Shinohara, “A
(22) PCT Filed: Oct. 31, 2011 Tree Distance Function Based on Multi-sets,” May 2008, pp. 90-100,
Published: ALSIP *08 PAKDD Workshops, Kawasu, Japan.
(86) PCT No.: PCT/CN2011/081540 (Continued)
§ 371 (c)(1), . . :
(2), (4) Date:  Mar. 26, 2014 Primary Examiner — Cam-Linh Nguyen
(74) Attorney, Agent, or Firm — Brooks, Cameron &
(87) PCT Pub.No.: WO02013/063734 Huebsch, PLLC
PCT Pub. Date: May 10, 2013 (57 ABSTRACT
) L Examples of the present disclosure may include methods,
(65) Prior Publication Data systems, and computer readable media with executable
US 2014/0236968 Al Aug. 21,2014 instructions. An example method for determining document
T structure similarity can include segmenting path sequences
206) of Document Object Model (DOM) trees (120, 462
(51) Imt.ClL
GO6F 17/30 (2006.01) from a number of web pages (202) into B components (561).
’ Path signals (210) corresponding to the path sequences (206
GO6F 17/14 (2006.01) S0 P g p q
GO6F 17/22 (2006.01) are determined based on a count of the occurrences of par-
(52) US.Cl ticular paths in the B¢ component (571), and unique path
CPC ) GOGF 1730011 (2013.01); GOGF 17/148 signals (210) are transformed into discrete wavelet signals
"""'('2013 01); GO6F 17/221'1 (2(’)13 01); GO6F (214)(572). The discrete wavelet signals (214) are analyzed at
173247 ('201’3.01); GO6F ]7/30864.(20’13.01); multiple DOM tree resolution levels (573).
GOG6F 17/30896 (2013.01) 14 Claims, 5 Drawing Sheets
2)4 208
3
~) U 3~ PATH SEQUENCE
S| HTMLPARSING o™ SEGMENTATION
s~ WEB PATH MENTATIO
- . § i ¥
PAGES 208~ SEQUENCES : AT
‘ ‘. ‘ db i e 0
PAGE SIVILAR ~~-218 214~ WAVELETS 7 SIGNALS ~~210
DECISION - SIGNALS P
e DISTANCE COMPUTATION |~ 1 HARRWAVELETS
ON MULTI LEVELS RESOLUTION | ™ TRANGFORMATION
k1
J )
{ {
216 212



US 9,405,750 B2
Page 2

(56)

7,106,903
7,562,088
7,783,614
7,783,642
7,853,871
7,861,151
7,877,677
7,913,163
7,917,755
7,954,053
7,970,853
7,974,934
7,987,417
2001/0016066
2002/0023113
2002/0112082
2004/0249979

2005/0021512
2005/0038635

2005/0169529
2006/0167784
2007/0087756
2009/0006365
2009/0210407
2010/0317420

2011/0145249

References Cited

U.S. PATENT DOCUMENTS

B2

B2

B2 *
BL*
B2 *
B2 *
B2 *
BL*
BL*
B2 *
B2 *
B2 *
B2 *
Al*
Al*
Al*
Al*

Al*
Al*

Al*
Al*
Al*
Al

Al*
Al*

Al*

9/2006
7/2009
8/2010
8/2010
12/2010
12/2010
1/2011
3/2011
3/2011
5/2011
6/2011
7/2011
7/2011
8/2001
2/2002
8/2002
12/2004

1/2005
2/2005

8/2005
7/2006
4/2007
1/2009
8/2009
12/2010

6/2011

Chang et al.
Daga et al.

Jones ..o GOGF 17/2229
707/694
Feng ...cccoovnee. GOGF 17/30896
706/55
Simons ............ GOGF 17/30905
715/238
Milic-Frayling . GO6F 17/30882
715/200
Wyler ... HO04L 67/42
715/209
Zunger ............. GOGF 17/30864
715/234
Giliyaru .............. GOGF 17/2211
382/181
Orelind ............. GOGF 17/30899
707/811
Simpson ................ B42D 25/29
709/217
Ravikumar ....... GOGF 17/30905
706/12
Chakrabarti ...... GOGF 17/30864
715/205
AmMONou ............... GO6T 7/0081
382/173
Hsing .............. GOGF 17/30578
715/234
Ko e, GOGF 17/30899
709/246
Yamaguchi ........ HO4N 1/00291
709/246
Koenig ....ccccoveeee. G06Q 50/22
Klefenz ............... G10H 3/125
702/189
............. GO6K 9/6254
382/190
............. G06Q 20/401
705/37
G06Q 10/0631
455/450
GOGF 17/30864
G06Q 30/0207
463/1
Joshi oo GOGF 17/30911
707/738

2012/0215523 Al* GO6F 17/30705

704/9

8/2012 Inagaki

OTHER PUBLICATIONS

David Buttler, “A Short Survey of Document Structure Similarity
Algorithms,” Jun. 2004, 7 pages, 5th International conference on
Internet Computing, Las Vegas, Nevada, USA.

Deepayan Chakrabarti, Rupesh R. Mehta, “The Paths More Taken:
Matching DOM Trees to Search Logs for Accurate Webpage Clus-
tering,” WWW 2010, Apr. 2010, pp. 211-220, Santa Clara, Califor-
nia, USA.

Esko Ukkonen, “Approximate string-matching with q-grams and
maximal matches,” Jan. 1992, pp. 191-211, Theoretical Computer
Science, Helsinki, Finland.

Jer Lang Hong, Fugene Stew, Simon Egerton, “DTM-Extracting
Data Records from Search Engine Results Page using Tree Matching
Algorithm,” Dec. 2009, pp. 149-154, International Conference of
Soft Computign and Pattern Recognition, Darul Ehsan, Malaysia.
Laf Park, et al., “A Novel Document Retrieval Method Using the
Discrete Wavelet Transform,” Jul. 2005, pp. 267-298, vol. 23, No. 3,
ACM Transactions on Information Systems.

Nikolas Augsten, Michael Bohlen, Johann Gamper, “Approximate
Matching of Hierarchical Data Using pq-Grams,” Proceedings of the
31st VLDB Conference pp. 301-312, Aug. 2005, Trondheim, Nor-
way.

Philip Bille, “A Survey on Tree Edit Distance and Related Problems,”
Jun. 2005, pp. 217-239, vol. 337, Issues 1-3, Published: Theoretical
Computer Science, Copenhagen, NV, Denmark.

Rui Yang, Panos Kalnis, Anthony K.H. Tung, “Similarity Evaluation
on Tree-structured Data,” Article, Jun. 2005, pp. 754-755, Proceed-
ings of the ACM SIGMOD International Conference on Management
of Data, Singapore.

SG Mallat, “A Wavelet Tour of Signal Processing,” Oct. 1999, pp.
183-189, 2nd Edition Academic Pess, San Diego, California, USA.
Unknown, “Haar Wavelet,” Retrieved Oct. 10, 2011 from: http://en.
wikipedia.org/wiki/Haar _wavelet, 5 pages.

Wuu Yang, “Identifying Syntactic Differences Between Two Pro-
grams,” Jul. 1991 pp. 739-755, 1 vol. 21, No. 7, Software-Practice
and Experience, USA.

Xiaohong Wang, Aaron Smalter, Jun Huan, Gerald H. Lushington,
“G-Hash: Towards Fast Kemal-Based Similarity Search in Large
Graph Databases,” Apr. 2010, 17 pages, USA.

* cited by examiner



US 9,405,750 B2

Sheet 1 of 5

Aug. 2, 2016

U.S. Patent

cke (4 m:ww 947
, ,
NOLLYAMOASNYHL | NOILAI0S3Y STIATTILINA ND ~
STV MVH o] NOUWINNOD SONISID Fee
01z~ STYNDIS SLTTNM ~— 1T 97~ YIS 39Vd
Hivd
SIONINDIS~— 902 STV
0 535 H.ivd gam
NOUVININOSS | e onisavd TIH K
3
( (
807 02
[ 91
v peb oy
1X3L~ 30V w.
9] DL
Gh_ 281~ 821
LALQ Y FL
\, )
AGOg Gvan
&v}fxwmw wﬁ.;fw
WLH 021



US 9,405,750 B2

Sheet 2 of 5

¢ 81

g5¢
&
el

gkmmm}w Bl o %&@mu d -
7 v Ui Hlggts T

oo L-95¢

YL ™ 0101 L C1 T 1| E L

Aug. 2, 2016

U.S. Patent

e % wwmﬁ
PRHOISNVHL LTIV HYYH | | och ‘
Gy Iy By By By By Iy iy m
- FUE010(1 1 Lz 0l
» DN <
2t m‘w “Hivd \._”Dy “Hid Hive e
o¥e
"39vd
HEEET
- | 39vd
Hivd MUY HYE =01
Zr



US 9,405,750 B2

Sheet 3 of 5

Aug. 2, 2016

U.S. Patent

v S

£ay
5 1) 3 olEl o 5 131 b ixal
\W,wxww o 1X3L w,m,,xa..w AN}G@ muhxmw ¢ A o
%m ) %m 4B 4 R e b8 0Ly 4R —~ B0y
d o Ld S L od Ad 4 g
gay
14
2> (9 3H
AGOE ™
e
WIH S
yoy
*
29y



U.S. Patent Aug. 2, 2016 Sheet 4 of 5 US 9,405,750 B2

- SEGMENTING PATH SEQUENCES OF DOCUMENT OBJECT MODEL
- {DOM) TREES FROM ANUMBER OF WEB PAGES INTO B COMPONENTS

DETERMNING PATH SIGNALS CORRESPONDING TO THE PATH "
SEQUENCES BASED ON A COUNT OF THE OCCURRENCES OF 97
PARTICULAR PATHS IN THE B™ COMPONENT

TRANSFORMING UNIQUE PATH SIGNALS INTO DISCRETE WAVELET | _n
SIGNALS i

ANALYZING THE DISCRETE WAVELET SIGNALS AT MULTIPLE DOM | xv9
TREE RESOLUTION LEVELS "
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1
DISCRETE WAVELET TRANSFORM
METHOD FOR DOCUMENT STRUCTURE
SIMILARITY

BACKGROUND

Networks can provide communication paths to access a
plurality of electronic information. One example of such a
network is the Internet, which can provide communication
paths to access a plurality of web sites. The web sites can be
formed of a number of individual web pages that are linked
together. With the proliferation of web pages, determining the
similarity of various web pages can be useful. Similar web
pages can include identical web pages, and may include some
web pages that are non-identical. Determining identical web
pages can be a straight forward process. Determining whether
non-identical web pages are similar can be more challenging.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a Document Object Model (DOM) tree in
accordance with one or more examples of the present disclo-
sure.

FIG. 2 illustrates a computing system for determining
document structure similarity using discrete wavelet transfor-
mation in accordance with one or more examples of the
present disclosure.

FIG. 3 illustrates a method for determining document
structure similarity using discrete wavelet transformation in
accordance with one or more examples of the present disclo-
sure.

FIG. 4 illustrates an example DOM tree analyzed in accor-
dance with one or more examples of the present disclosure.

FIG. 5 illustrates a flow diagram of a method for determin-
ing document structure similarity using discrete wavelet
transformation in accordance with one or more examples of
the present disclosure.

FIG. 6 illustrates a block diagram of an example computing
system for determining document structure similarity using
discrete wavelet transformation in accordance with one or
more examples of the present disclosure.

FIG. 7 illustrates a block diagram of an example computer
readable medium (CRM) in communication with processing
resources in accordance with one or more examples of the
present disclosure.

DETAILED DESCRIPTION

Examples of the present disclosure may include methods,
systems, and computer readable media with executable
instructions, and/or logic. According to one or more examples
of'the present disclosure, an example method for determining
document structure similarity can include segmenting path
sequences of Document Object Model (DOM) trees from a
number of web pages into B components. Path signals corre-
sponding to the path sequences are determined based on a
count of the occurrences of particular paths in the B* com-
ponent, and unique path signals are transformed into discrete
wavelet signals. The discrete wavelet signals are analyzed at
multiple DOM tree resolution levels.

Asused herein, the term “includes” means includes but not
limited to, the term “including” means including but not
limited to. The term “based on” means based at least in part
on. The term “document,” as used herein, includes but not
limited to, electronic files such as web pages and word pro-
cessing files, among others.
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This disclosure provides one or more systems and methods
for determining document structure similarity using discrete
wavelet transformation. Determining document structure
similarity using discrete wavelet transformation according to
examples of the present disclosure can be utilized as an aux-
iliary mechanism to a pool of web pages (represented as a tree
structured data) to rapidly locate particular DOM trees given
a particular web page. The systems and methods described
herein for determining similarity can not only achieve high
precision, but also can result in increased computing speed.

According to examples of the present disclosure, such sys-
tems and methods can determine similarity based on a
whether documents, such as web pages, are approximately
equivalent. Similar web pages need not be completely iden-
tical to be similar. Instead web pages may be identical in part,
or possess certain characteristics of interest that are alike.
According to some examples of the present disclosure, a
measure of similarity can be determined. According to vari-
ous examples, the measure of similarity can be a numerical
value, such as a difference of numerical values computed for
each document. According to certain examples, the measure
of similarity can be a binary indication of one or more char-
acteristics of the document structures matching or not match-
ing. Determining similarity between two documents, includ-
ing determining document structure similarity, can be most
useful where the determination can be made in real time.
Thus, speed in determining document structure similarity can
be advantageous. To that end, computational efficiency can be
adjusted commensurate with the precision of the similarity
determination.

FIG. 1 illustrates a Document Object Model (DOM) tree in
accordance with one or more examples of the present disclo-
sure. A document can include content and structure informa-
tion. The document structure information may define how the
document is arranged and/or specify various characteristics
for portions of the document (e.g., format, font, features,
functions, etc.). For example, some documents, such as a web
page, can have its structure defined by HyperText Markup
Language (HTML). The structure of a document, such as an
HTML document, can be represented as a DOM tree, such as
the DOM tree 120 shown in FIG. 1. While FIG. 1 illustrates
the various paths of a DOM tree 120 graphically, information
describing the various paths of a DOM tree can be represented
numerically, such as in a matrix. A DOM tree can be a stan-
dard model for any structured document.

The DOM is a cross-platform and language-independent
convention for representing and interacting with objects in
various programming languages, such as HTML, eXtensible
Hyper Text Markup Language (XHTML), and eXtensible
Markup Language (XML) documents, among others.
Aspects of the DOM, such as its elements, may be addressed
and manipulated within the syntax of the programming lan-
guage being used. The public interface of a DOM can be
specified in its Application Programming Interface (API).

An HTML page can be rendered in a browser, for example.
Web browsers rely on layout engines to parse HTML into a
DOM. The browser assembles all the objects that are con-
tained in the HTML page and downloaded from a web-server
in its memory. Once completed, the browser then renders
these objects in the browser window. The HTML objects,
which belong within the DOM, can have descending relation-
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ship with each other. The topmost object in the DOM can
specify the navigator (i.e., browser) itself, for example. The
next level in the DOM can specify the browser’s window, and
the next level can specify the particular electronic informa-
tion displayed in the browser’s window, for example.

FIG. 1 shows an example DOM tree 120 for a web page
structure define using HTML. A DOM tree can be specified
and/or illustrated by a number of nodes connected by a num-
ber of edges. The DOM tree 120 includes a root node 122,
indicated in FIG. 1 as being an HTML node. Along one path
originating from the root node 122, the root node 122 is
connected to a head node 124, which in turn is connected to a
title node 128, which is connected to text node 130, which is
a leaf node. A plurality of nodes, from the root node to a
particular leaf node, is a path. For example, one path of DOM
tree 120 is /html/head/title/text, and another path is /html/
body/div/text. A group of continuous paths can be a path
sequence. That is a number of paths from the root node to one
or more leaf nodes can be a path sequence. For example, the
various paths of DOM tree 120 collectively are a path
sequence.

A particular DOM tree, such as DOM tree 120, can have
many paths that share portions of a path with other paths. For
example, DOM tree 120 has several additional paths such as
the path starting at HTML node 122 through body node 126
and division node 132 to image node 134. DOM tree 120
further has a path starting at HTML node 122 through body
node 126 and division node 132 to text node 136. These two
example paths differ only in their respective leaf nodes (e.g.,
image node 134 versus text node 136) but are otherwise share
aportion of each path that includes the HTML node 122, body
node 126, and division node 132. DOM tree 120 can have
additional paths from HTML node 122 through body node
226 that are not shown in FIG. 1, as indicated in FIG. 1 at 235,
in addition to the path to the text leaf node at the far right of
DOM tree 120. The methods of the present disclosure can be
applied to tree structure different from the example DOM tree
120 shown in FIG. 1.

One method for determining whether two documents are
similar can be to determine if their respective corresponding
DOM trees are identical. Tree matching methods can be used
for comparing DOM trees for similarity in web page cluster-
ing and web wrapper induction. Among them, tree edit dis-
tance (TED) and simple tree matching (STM) are two previ-
ous approaches. These previous approaches are both full tree
matching methodologies. That is, each of these previous
approaches attempt to determine whether trees are identical.
They can be accurate but can also be computationally inten-
sive since determining identical trees can involve evaluation
of each node and edge.

Previous approaches, such as a space vector model (e.g.,
cosine distance, Fuclidean distance), toward matching
approximations may take into account a number of times a
portion of a tree (e.g., DOM tree) appears in the trees being
compared, with positional information being disregarded.
Disregarding positional information can render such previous
approaches un-sensitive to structural differences. Such pre-
vious approaches can produce inaccurate results for at least
the reason that a same quantity of tree branches can be
arranged in multiple ways to produce different tree structures.
Ignoring positional information, therefore, introduces errors
that cannot be detected from only branch portion occurrence
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4

analysis. Therefore, such previous approaches may not be
well suited for DOM tree similarity detection applications.

FIG. 2 illustrates a computing system for determining
document structure similarity using discrete wavelet transfor-
mation in accordance with one or more examples of the
present disclosure. At a high level, the system of the present
disclosure begins with the two web pages 202 to be compared
as input. The output can be a page similar decision 218, such
as a logical and/or numerical value to indicate whether the
web pages are similar or not. The computing system shown in
FIG. 2 can include an HTML parser 204 to parse document
object model (DOM) trees from a number of web pages into
path sequences. The HTML parser 204 can receive, for
example, two web pages 202 being compared for similarity as
inputs, and output various path sequences 106 comprising a
corresponding DOM tree associated with each web page.

The computing system shown in FIG. 2 can also include a
path sequence segmentation module 208 to segment the path
sequences into B equal components, and determine path sig-
nals corresponding to the path sequences based on a count of
the occurrences of particular path sequences in the B com-
ponent. The path sequence segmentation module 208 can
receive as inputs, the path sequences 206 from the HTML
parser 204, and output path signals 210. A Harr wavelet
transformation module 212 can receive the path signals 210,
transforming unique path signals into discrete wavelet signals
214, for example. An analyzer 216 can receive the wavelet
signals 214 and compute a cumulative distance value of the
discrete wavelet signals at multiple DOM tree resolution lev-
els, from which a page similar decision 218 can be output.

The computing system shown in FIG. 2 can be a computing
system such as is discussed further with respect to FIG. 6.
With respect to the components of the computing system
shown in F1G. 2, each of the HTML parser 204, path sequence
segmentation module 208, Harr wavelet transformation mod-
ule 212, and/or analyzer 216 can be individual apparatuses,
such as a computing device including a processor coupled to
a non-transitory computer-readable medium having com-
puter-readable instructions stored thereon. The processor can
execute the computer-readable instructions to perform the
respective function. The components of the computing sys-
tem shown in FIG. 2 can also be logical modules, which may
be implemented by hardware and/or embodied on computer
readable medium, for example, and executed by a common
processor.

The HTML parser 204 shown in FIG. 2 can, for each web
page, parse the HTML defining a respective web page,
thereby converting the respective web page into a DOM Tree.
The HTML parser 204 can further convert the resulting DOM
tree into a sequence of paths (i.e., path sequences). For
example, the DOM tree shown in FIG. 1 can be converted into
path sequences T=[html/head/title/text, html/body/div/im-
age, . . ., html/body/text]. For convenience and faster pro-
cessing, the sequence paths may be converted into numbers
(e.g., hexadecimal values) with a hashing function. As an
example, the sequence paths may be represented in this man-
ner as T=[10AE, 13E1, ..., 2F1E]. The numerically-repre-
sented sequence paths may be more easily manipulated fur-
ther by digital processing resources.

The various components of the computing system shown in
FIG. 2 are discussed in more detail in conjunction with FIG.
3. FIG. 3 illustrates a method for determining document
structure similarity using discrete wavelet transformation in
accordance with one or more examples of the present disclo-
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sure. More particularly FIG. 3 illustrates an example of how
the path signals can be obtained.

The path sequences, from the HTML parser 204 shown in
FIG. 2, for a number of web pages can be summarized in a
path-page matrix 338, such as is shown in FIG. 3. The number
of web pages can be, for example, a web page collection,
associated with one or more web sites. Path-page matrix 338
can include a number of rows corresponding to web pages
340 (e.g., Page,, Page,, . . ., Page,) and anumber of columns
corresponding to a distinct path 342 (e.g., Path,, Path,, . . .,
Path,,). The path-page matrix 338 can indicate how many
times the various paths occur within a DOM tree correspond-
ing to a particular web page. The value for a particular path
(e.g.,Path,, Path,, ..., Path ) entered in the path-page matrix
338 can also indicate which of the various paths occur, and
which paths do not occur, within a DOM tree corresponding
to the particular web page.

A particular row of matrix 338 can correspond to a particu-
lar web page. For example, a row 344 of path-page matrix 338
corresponding to web page X is shown extracted from the
path-page matrix 338 in FIG. 3. Row 344 can include a
number of entries that numerically summarize the character-
istics of each unique path 346 (e.g., Path,, Path,, . . ., Path )
of a path sequence for a particular web page 348 (e.g., web
page X). Each of the number of entries in row 344 can corre-
spond to a unique path 346 (e.g., Path,, Path,, .. ., Path ). For
example, first entry 350-1 corresponds to Path,, and so on,
through the m™ entry 350-m, which corresponds to Path,,.

The path sequence segmentation module 208 shown in
FIG. 2 can divide a path sequence 351 into B (e.g., 8) equal
components, as shown in FIG. 3. Each path sequence can be
converted to a path signal by counting the occurrences of a
particular path p in the B” component. For example, the first
component 352-1 shown in FIG. 3 reflects that path p occurs
2 times in the first component. As is further shown, path p
occurs 0 times in the second component (e.g., X,), 2 times in
the third component (e.g., X;), 1 times in each of the fourth,
fifth and sixth components (e.g., X,, X5, and X;), O times in
the seventh component (e.g., X,), and O times in the eighth
component 352-8 (e.g., X;). The cumulative quantity of
occurrences (e.g., 2+0+2+1+14+1+0+0=7) for the B equal
components of a path sequence can be entered path-page
matrix 338 for the entry 350-1 corresponding to Path,of
Page_, as shown.

The characteristics for the path sequence Path, of Page, are
also shown graphically in FIG. 3 by graph 340. Graph 340
represents the path sequence, and is divided into 8 equal
components, with divisions 342 defining the various compo-
nents along graph 340. The dots 344 show the position of the
path p in the path sequence. For example, path p occurs twice
in the first component (e.g., left-most portion) of graph 340.
Again, the signal of path p (i.e., signal path)is f, =[20211
1 0 0], as indicated by the quantity and placement of dots
along graph 340.

According to some examples of the present disclosure,
weighting schemes can be used in arriving at a signal path
from a path sequence, based on the properties of a certain tree
and path. However, for the example discussed here, such
weighting schemes are not implemented.

The Harr wavelet transformation module 212 shown in
FIG. 2 can function to transform unique path signals into
discrete wavelet signals, such as Haar wavelet signals. Each
path signal undergoes a discrete wavelet transform, which
transforms the path signal into a wavelet signal. For example,
the discrete wavelet transform can be a Haar wavelet trans-
form. The Haar wavelet is a single cycle of the square wave
having a period of 1. Haar wavelet analysis is similar to
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Fourier analysis in that it allows a target function over an
interval to be represented in terms of an orthonormal function
basis. The Haar wavelet’s mother wavelet function (t) can
be described as:

1 0=r<1/2,
w(t):{—l 1/2=r<1,

0 otherwise.

Its scaling function [J(t) can be described as:

¢ ={

The wavelet components allow the path signal to be analyzed
at multiple tree resolution levels.

The result of the Haar wavelet transform of path sequence
351 is shown in FIG. 3 by Haar wavelet signal vector 353. The
transformed Haar wavelet signal vector 353 includes B (e.g.,
8) components, corresponding to the B components of path
sequence 351. The B (e.g., 8) components of the transformed
Haar wavelet signal vector are y1, . . ., y8. For this example,
and as indicated in FIG. 3, the 8 components of Haar wavelet
signal vector 353 are y1, y2, y3, y4, y5, y6, y7, and y8. The
example illustrated in FIG. 3 shows that component y1 has a
value of 7, as indicated at 354-1, and that component y8 has a
value of 0, as indicated at 354-8, among other entries. The
components of Haar wavelet signal vector are generally com-
puted as follows:

Level 0

1 O0=r<1,

0 otherwise.

Y1 =x14+x2+x3 +x44+x5+x0+x7+x8

Level 1

2=(x14x2+x3+x4)— (x5-x6—x7-x8)
Level 2

P3=(x14x2)—(x3+x4)

YA=(x54x6)—(xT+x8)
Level 3

y5=x1-x2
y6=x3-x4
Y7=x5-x6

y8=xT-x8

The discrete wavelet transform can be performed by deter-
mining how much of every possible scaled and shifted version
of'the reference wavelet (e.g., Haar wavelet) is present within
the path signal. This can be determined by finding the dot
product of the path signal vector and the Haar wavelet trans-
form matrix.

Continuing with the previous example, the Haar transform
is used to provide the different levels of resolution of a path
signal. Using the path signalf, =[20211 10 0] and using the
Haar wavelet transform matrix (for 8 components):
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The Haar wavelets signal vector for this example looks
similar to the original path sequence vector, but its interpre-
tation is quite different. This Haar wavelets signal vector
shows the positions of the terms at many resolutions. The
various resolutions are summarized in Table 1.

TABLE 1
Transformed value  Description
TNB Sum of signal
348 First half - Second half of the signal
-1V3 First quarter - Second quarter of the signal

2WE Third quarter - fourth quarter of the signal
27 First eighth - second eighth of the signal
V2 Third eighth - fourth eighth of the signal

0 Fifth eighth - sixth eighth of the signal

0 Seventh eighth - eighth eighth of the signal

The transformed values towards the top of Table 1 are of
lower resolution and the transformed values towards the bot-
tom of Table 1 are of higher resolution.

The first transformed value (74/3) is a sum of total signal
and indicates that there are seven occurrences of the path. The
second transformed value (3//8) means that there is three
more occurrences of the path in the first half of the signal than
in the second half. The third value (-1/¥%) shows that there is
one less occurrence of the path in the first quarter compared to
the second quarter. The fourth value (24/4) compares the third
quarter and the fourth quarters of the original path signal. The
next four transformed values correspond to the comparison
between the four pairs of eighths of the signal. Therefore, the
original path signal can be observed in different levels of
resolution. This implies that frequency information is calcu-
lated from parts of the tree, providing frequency and position
information. The above procedure can be repeated to convert
all unique paths of the trees being compared into the Haar
wavelets signals.

A
o

= = 0 0 0
V4 Va2
o o 1 1 1 1
4 4 V4 "ya
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The benefits of performing the Haar wavelet transform
include the spectral domain magnitude and phase values
being related to the spatial path count and position, respec-
tively. Also, the components of a path signal are orthogonal to
each other, therefore it is not necessary to cross compare
components within the path signal.

FIG. 3 further shows the Haar wavelets signal vector (e.g.,
vector component values) being used as an entry in a row 355
of'a path-page matrix according to an example of the present
disclosure to summarize the characteristics of each unique
path sequence 360 (e.g., Path,, Path,, . . . , Path ) of a
particular web page 358 (e.g., web page X). For example, the
above-determined discrete wavelet signal vector (e.g., Haar
wavelet signal vector) can comprise path-page matrix entry
356-1 corresponding to Path, of Page, . Other wavelet signal
vectors (e.g., Haar wavelet signal vector) can comprise cor-
responding path-page matrix entries, through entry 356-m
corresponding to Path, of Page . In this manner, position
information can be established at different resolutions.

According to various examples, fewer than all paths can be
selected or further analysis (e.g., discrete wavelet transforma-
tion). Depending on the situation, one or more paths of inter-
est, rather than all paths, can be used in arriving at the simi-
larity decision between DOM trees. Paths of interest can be
identified, for example, according to a path weighting
scheme.

The matrix multiplication can cause the discrete wavelet
transformation to be of order O(N?) for signals of N compo-
nents. According to some examples of the present disclosure,
the wavelet transform can be reduced to an order of O(N) so
as to speed up the transform process, such as by using a
method proposed by Mallet in 2001.

The analyzer 216, shown in FIG. 2, can function to com-
pute distance on multi level resolutions, which computes the
distance values for every common path of two DOM trees,
and then sums the distance values for the respective DOM
trees as a cumulative (e.g., final) DOM tree distance. The final
DOM tree distances can be compared as a basis for determin-
ing similarity between the corresponding two web pages.

According to some examples of the present disclosure, the
B component part of each path can be chosen for compari-
son between web pages. That is, component B of each path of
two DOM trees can be compared as a basis for determining
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similarity of the corresponding documents. This method can
reduce the entire DOM tree comparison to a particular portion
comparison. According to other examples of the present dis-
closure, different components in diftferent paths can be cho-
sen to compare, which can be a form of proximity measure.

According to various examples of the present disclosure,
two signals can be compared for similarity by checking from
the top down (e.g., initiating the comparison from the root
node towards a leaf node). If the signals differ at a certain
level, the analysis can be terminated with the conclusion of
the signals not being similar with no further analysis being
necessary

The solution of the present disclosure can be a generaliza-
tion of vector space model when B equals 1. That is, the
methodology of the present disclosure behaves in the same
manner as the vector space model when B equals 1. In prac-
tice, some experiments have been conducted on several small
data sets on YAHOO!® (internet) news pages and AMA-
ZON® (internet store) pages. The results show that the
method of the present disclosure can determine the tree simi-
larity with high precision. A typical two tree similarity deci-
sion time for the conducted experiments performed is 0.417 s
for an exact tree matching algorithm, 0.031 s for vector space
method and 0.047 s for the example method of the present
disclosure using eight components. Reducing the number of
components can reduce the running time in a linear fashion.

Using wavelets for document similarity determinations
can provide a new perspective by extracting the positions at
different resolutions. The benefits of performing the Haar
wavelet transform can include:

(1) the spectral domain magnitude and phase values are
related to the spatial path count and position, respectively;
and

(2) the components of a path signal are orthogonal to each
other, therefore it is not necessary to cross compare compo-
nents within the path signal. Furthermore, if a DOM tree is
converted into another format sequence instead of a path
sequence, the systems and methods of the present disclosure
can work as well.

FIG. 4 illustrates an example DOM tree analyzed in accor-
dance with one or more examples of the present disclosure. A
specific example can further illustrate the method for deter-
mining document structure similarity using discrete wavelet
transformation of the present disclosure. An example web
page may contain the following information:

YAHOO!® Worlds

YAHOO!® Business

YAHOO!® Entertainment

YAHOO!® Sports

YAHOO!® Tech

YAHOO!® Politics

YAHOO!® Science
The example web page content shown above can each be a
link to other web pages. The HTML file behind the web page
content shown above is shown on the following page:

<htm!>
<head> </head>
<body>
<div>

<p></p>
<p>An html example</p>
<p></p>
<p><a href=“http://news.yahoo.com/world/*>Yahoo
worlds</a></p>
<p></p>
<p><a href=“http://news.yahoo.com/business/*>Yahoo
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-continued

Business</a>|</p>
<p></p>
<p><a href=“http://news.yahoo.com/entertainment/”>Yahoo
Entertainment</a></p>
<p></p>
<p><a href="http://news.yahoo.com/sports/”>Yahoo
Sports</a></p>
<p></p>
<p><a href=“http://news.yahoo.com/tech”>Yahoo Tech</a></p>
<p></p>
<p><a href=“http://news.yahoo.com/politics”>Yahoo
Politics</a></p>
<p></p>
<p><a href=“http://news.yahoo.com/science”>Yahoo
Science</a></span></p>
</div>
</body>
</html>

The DOM tree 462 for the HTML file shown on the previ-
ous page is illustrated in FIG. 4. DOM tree 462 includes a root
(HTML) node 464 connected to each of a heading node 465
and a body node 466. The body node 466 is further connected
to a division node 467, which is connected in parallel to a
number of “p” nodes 468, some of which are connected to text
nodes 469 directly, or through an “a” node 470, and as
arranged as shown in FIG. 4. The path sequence of DOM tree
462 is:

{ /html/head, /html/body/div/p, /html/body/div/p/text/,
/html/body/div/p, /html/body/div/a/text,
/html/body/div/p, /html/body/div/a/text,
/html/body/div/p, /html/body/div/a/text,
/html/body/div/p, /html/body/div/a/text,
/html/body/div/p, /html/body/div/a/text,
/html/body/div/p, /html/body/div/a/text,
/html/body/div/p, /html/body/div/a/text }

There are four distinct paths in the path sequence (above), as
follows:

Pathl: /html/head

Path2: /html/body/div/p
Path3: /html/body/div/p/text
Path4: /html/body/div/a/text

The above-listed path sequence can be split into eight (8)
components, as follows:

: /html/head, /html/body/div/p, /html/body/div/p/text/,
: /html/body/div/p, /html/body/div/a/text,
: /html/body/div/p, /html/body/div/a/text,
: /html/body/div/p, /html/body/div/a/text,
: /html/body/div/p, /html/body/div/a/text,
: /html/body/div/p, /html/body/div/a/text,
: /html/body/div/p, /html/body/div/a/text,
: /html/body/div/p, /html/body/div/a/text,

[ B R T S

Because the sequence can’t be divided equally, there are three
paths in first component and two paths in the rest of the
components.

The occurrence of each path in each of the eight compo-
nents can be counted, and summarized in vector format as
follows:
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Path: {1,0,0,0,0,0,0,0};
Path2: {1,1,1,1,1, 1,1, 1};
Path3: {1,0,0,0,0,0,0,0};
Path4: {0,1,1,1,1,1, 1, 1};

That is, each element of a path vector represents how many
times that path appears in the corresponding component. For
example, Pathl (i.e., /html/head) occurs in the first compo-
nent one time. A Haar wavelet transform can be performed on
these vectors, and distances computed, as previously dis-
cussed above.

FIG. 5 illustrates a flow diagram of a method for discrete
wavelet transformation for document structure similarity in
accordance with one or mare examples of the present disclo-
sure. One example method for determining document struc-
ture similarity according to an example of the present disclo-
sure can include segmenting path sequences of document
object model (DOM) trees from a number of web pages into
B components, as shown at 561. Path signals corresponding
to the path sequences are determined based on a count of the
occurrences of particular path sequences in the B” compo-
nent, as indicated at 571. As shown at 572, unique path signals
are transformed into discrete wavelet signals. The discrete
wavelet signals are analyzed at multiple DOM tree resolution
levels, as shown at 573.

FIG. 6 illustrates a block diagram of an example computing
system used to implement visual media searching according
to the present disclosure. The computing system 674 can be
comprised of a number of computing resources communica-
tively coupled to the network 678. FI1G. 4 shows a first com-
puting device 675 that may also have an associated data
source 676, and may have one or more input/output devices
(e.g., keyboard, electronic display). A second computing
device 679 is also shown in FIG. 4 being communicatively
coupled to the network 678, such that executable instructions
may be communicated through the network between the first
and second computing devices.

Second computing device 679 may include one or more
processors 680 communicatively coupled to a non-transitory
computer-readable medium 681. The non-transitory com-
puter-readable medium 681 may be structured to store
executable instructions 682 (e.g., one or more programs) that
can be executed by the one or more processors 680 and/or
data. The second computing device 679 may be further com-
municatively coupled to a production device 683 (e.g., elec-
tronic display, printer, etc.). Second computing device 679
can also be communicatively coupled to an external com-
puter-readable memory 684. The second computing device
679 can cause an output to the production device 683, for
example, as a result of executing instructions of one or more
programs stored on non-transitory computer-readable
medium 681, by the at least one processor 680, to implement
a system for retrieving visual media according to the present
disclosure. Causing an output can include, but is not limited
to, displaying text and images to an electronic display and/or
printing text and images to a tangible medium (e.g., paper).
Executable instructions to implement visual media retrieving
may be executed by the first computing device 675 and/or
second computing device 679, stored in a database such as
may be maintained in external computer-readable memory
684, output to production device 683, and/or printed to a
tangible medium.

One or more additional computers 677 may also be com-
municatively coupled to the network 678 via a communica-
tion link that includes a wired and/or wireless portion. The
computing system can be comprised of additional multiple
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interconnected computing devices, such as server devices
and/or clients. Each computing device can include control
circuitry such as a processor, a state machine, application
specific integrated circuit (ASIC), controller, and/or similar
machine,

The control circuitry can have a structure that provides a
given functionality, and/or execute computer-readable
instructions that are stored on a non-transitory computer-
readable medium (e.g., 676, 681, 684). The non-transitory
computer-readable medium can be integral (e.g., 681), or
communicatively coupled (e.g., 676, 684) to the respective
computing device (e.g. 675, 679) in either a wired or wireless
manner. For example, the non-transitory, computer-readable
medium can be an internal memory, a portable memory, a
portable disk, or a memory located internal to another com-
puting resource (e.g., ecnabling the computer-readable
instructions to be downloaded over the Internet). The non-
transitory computer-readable medium 330 can have com-
puter-readable instructions stored thereon that are executed
by the control circuitry (e.g., processor) to provide a particu-
lar functionality.

The non-transitory computer-readable medium, as used
herein, can include volatile and/or non-volatile memory.
Volatile memory can include memory that depends upon
power to store information, such as various types of dynamic
random access memory (DRAM), among others. Non-vola-
tile memory can include memory that does not depend upon
power to store information. Examples of non-volatile
memory can include solid state media such as flash memory,
EEPROM, phase change random access memory (PCRAM),
among others. The non-transitory computer-readable
medium can include optical discs, digital video discs (DVD),
Blu-ray discs, compact discs (CD), laser discs, and magnetic
media such as tape drives, floppy discs, and hard drives, solid
state media such as flash memory, EEPROM, phase change
random access memory (PCRAM), as well as other types of
machine-readable media.

Logic can be used to implement the method(s) of the
present disclosure, in whole or part. Logic can be imple-
mented using appropriately configured hardware and/or
machine readable instructions (including software). The
above-mentioned logic portions may be discretely imple-
mented and/or implemented in a common arrangement.

FIG. 7 illustrates a block diagram of an example computer
readable medium (CRM) 795 in communication, e.g., via a
communication path 796, with processing resources 793
according to the present disclosure. As used herein, processor
resources 793 can include one or a plurality of processors 794
such as in a parallel processing arrangement. A computing
device having processor resources can be in communication
with, and/or receive a tangible non-transitory computer read-
able medium 795 storing a set of computer readable instruc-
tions 732 (including software) for capturing and/or replaying
network traffic, as described herein.

The above specification, examples and data provide a
description of the method and applications, and use of the
system and method of the present disclosure. Since many
examples can be made without departing from the spirit and
scope of the system and method of the present disclosure, this
specification merely sets forth some of the many possible
example configurations and implementations.

Although specific examples have been illustrated and
described herein, those of ordinary skill in the art will appre-
ciate that an arrangement calculated to achieve the same
results can be substituted for the specific examples shown.
This disclosure is intended to cover adaptations or variations
of'one or more examples provided herein. The above descrip-
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tion has been made in an illustrative fashion, and not a restric-
tive one. Combination of the above examples, and other
examples not specifically described herein will be apparent
upon reviewing the above description. Therefore, the scope of
one or more examples of the present disclosure should be
determined based on the appended claims, along with the full
range of equivalents that are entitled.

Throughout the specification and claims, the meanings
identified below do not necessarily limit the terms, but merely
provide illustrative examples for the terms. The meaning of
“a,” “an,” and “the” includes plural reference, and the mean-
ing of in includes “in” and “on.” “Example,” as used herein,
does not necessarily refer to the same example, although it
may.

In the foregoing discussion of the present disclosure, ref-
erence is made to the accompanying drawings that form a part
hereof, and in which is shown by way of illustration how
examples of the disclosure may be practiced. These examples
are described in sufficient detail to enable those of ordinary
skill in the art to practice the examples of this disclosure, and
it is to be understood that other examples may be utilized and
that process, electrical, and/or structural changes may be
made without departing from the scope of this disclosure.

Some features are grouped together in a single example for
the purpose of streamlining the disclosure. This method of
disclosure is not to be interpreted as reflecting an intention
that the disclosed examples of the present disclosure have to
use more features than are expressly recited in each claim.
Rather, as the following claims reflect, inventive subject mat-
ter lies in less than all features of a single disclosed example.
The following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own.

What is claimed:

1. A method for determining document structure similarity,
comprising:

segmenting, by a computing device, path sequences of

Document Object Model (DOM) trees from a number of
web pages into B components;
determining path signals corresponding to the path
sequences based on a count of the occurrences of par-
ticular paths in the B” component, wherein determining
path signals comprises weighting the path signals based
on path sequence characteristics of a DOM tree;

transforming unique path signals into discrete wavelet sig-
nals;

analyzing the discrete wavelet signals at multiple DOM

tree resolution level, wherein analyzing the discrete

wavelet signals comprises:

computing a distance value for every common signal
path of two DOM trees; and

summing the distance values as a final tree distance for
each of the two DOM trees; and

outputting a document structure similarity decision based

on the analyses of the discrete wavelet signals.

2. The method of claim 1, wherein transforming unique
path signals further comprises transforming unique path sig-
nals into Haar wavelet signals.

3. The method of claim 2, wherein segmenting path
sequences further comprises:

parsing HyperText Markup Language (HTML) of the

number of web pages into DOM trees;

converting the DOM trees of the number of web pages into

path sequences that originate at a root node; and
converting the path sequences into numbers with a hashing
function.

4. The method of claim 1, wherein transforming unique
path signals into Haar wavelet signals further comprises
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transforming less than all unique path signals of two DOM
trees being compared based on weight of the path signals.

5. The method of claim 1, wherein transforming unique
path signals into discrete wavelet signals further comprises
transforming all unique path signals of two DOM trees being
compared.

6. The method of claim 1, wherein analyzing the discrete
wavelet signals further comprises calculating frequency
information from one or more parts of the DOM trees.

7. The method of claim 1, wherein analyzing the discrete
wavelet signals further comprises:

computing distance values on multiple levels of resolution;

and

comparing the distance values as a measure of similarity.

8. The method of claim 1, wherein analyzing the discrete
wavelet signals further comprises computing a distance value
for a B” component the discrete wavelet signals of each
signal path of two DOM trees.

9. The method of claim 1, wherein analyzing the discrete
wavelet signals further comprises comparing different com-
ponents in the discrete wavelet signals of different signal
paths as a proximity measure.

10. The method of claim 1, wherein analyzing the discrete
wavelet signals further comprises comparing Haar wavelet
signals of path signals from a root node until the Haar wavelet
signals differ.

11. The method of claim 1, wherein transforming unique
path signals into discrete wavelet signals further comprises
reducing a Haar wavelet transform to order O(N) from order
O(N2).

12. A non-transitory computer-readable medium having
computer-executable instructions stored thereon, the com-
puter-executable instructions comprising instructions that,
when executed by one or more processors, cause the one or
more processors to:

segment path sequences of Document Object Model

(DOM) trees of two web pages into a number of equal
components;

determine path signals corresponding to the path

sequences based on a count of the occurrences of par-
ticular paths in at least one component, wherein deter-
mining path signals comprises weighting the path sig-
nals based on path sequence characteristics of a DOM
tree;

transform unique path signals into Haar wavelet signals;

compare the Haar wavelet signals for similarity at multiple

DOM tree resolution levels, wherein comparing the

Haar wavelet signals comprises:

computing a distance value for every common signal
path of two DOM trees; and

summing the distance values as a final tree distance for
each of the two DOM trees; and

output a page similarity decision based on the comparison

of the Haar wavelet signals.

13. The non-transitory computer-readable medium of
claim 12, further comprising instructions to:

compute a cumulative distance value for every common

signal path of the DOM trees; and

compare a difference between the cumulative distances

against a threshold value as a measure of web page
similarity.

14. A computing system coupled to a non-transitory com-
puter readable medium having computer-executable instruc-
tions stored thereon to determine document structure similar-
ity when executed by one or more processors, the instructions
comprising:
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an HTML parser to parse Document Object Model (DOM)
trees from a number of web pages into path sequences;

a path sequence segmentation module to segment the path
sequences into B components and determine path sig-
nals corresponding to the path sequences based on a 5
count of the occurrences of particular paths in the B”
component, wherein determining path signals com-
prises weighting the path signals based on path sequence
characteristics of a DOM tree;

a Harr wavelet transformation module transforming 10
unique path signals into discrete wavelet signals; and

an analyzer to:
compute a distance value of the discrete wavelet signals

at multiple DOM tree resolution levels for every com-
mon signal path of the multiple DOM trees; 15
sum the distance values as a final tree distance for each
of the multiple DOM trees; and
output adocument structure similarity decision based on
the discrete wavelet signals.
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